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Pioneering optomagnonics

Takuya Satoh
Department of Physics, Tokyo Institute of Technology

The resonance frequency of spin oscillation in antiferromagnets is extremely high due to the exchange
interaction between adjacent spins, and faster magnetization control had been expected. However, it was
believed that the inverse Faraday effect, that is the inverse effect of the magneto-optical Faraday effect,
does not act on pure antiferromagnets with zero net magnetization. Optical control of antiferromagnets
had not been reported. We succeeded in excitation of spin oscillation in NiO, CoO, YMnO3, and BiFeO3
by illuminating circularly and linearly polarized light pulses and in optical control of antiferromagnets.
We also demonstrated, for the first time, time and phase resolved imaging of spin wave propagation in
a ferrimagnet induced via the inverse Faraday effect. It was shown that the wave number distribution
of the excited spin wave is proportional to the frequency component of spatial spot of the excitation
beam. This fact lead to the directional control of spin wave propagation, thus demonstration of spin
wave manipulation by using spatially shaped optical pulses. These results will pave the way to new field
of “optomagnonics” for generating and controlling magnetic excitations by polarized light.
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1: Temporal evolutions of A7 in BiFeO3 up to
(a) 20 and (b) 60 ps.
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2: (a) FFT amplitude spectra of the 2.4-THz
mode. (b) Variation of E phonon (2.4 THz).
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3: (a) FFT amplitude spectra of the sub-THz
oscillations. (b) Variations of \P§2) (530 GHz),
¥V (560 GHz), and ®}"? (740 GHz) magnon

modes.
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4: Generation of spin wave and control of its

propagation derection.
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5: Spin-wave form at 1.5 ns. (Left) experi-
ment. (Right) simulation.
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6: Amplitude map of spin-wave emission
when (left) the longer side of the aperture is par-
allel to the x-axis (left) and the y-axis (right).
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